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Abstract 

A  few  Laj^CevCoCL  (x  =  0;  0. 1 )  catalysts,  prepared  by  the  traditional  sol-gel  (SG)  or  by  flame  pyrolysis  (FP)  procedures  have  been  analysed 
by  EPR  spectroscopy  at  120  5  T  <  300  K.  No  EPR  line  was  noticed  with  all  of  the  x  =  0  samples.  The  x  =  0. 1  SG  catalysts  gave  a  single  EPR  feature 
at  g  =  2,  both  when  fresh  and  after  catalytic  reaction.  This  line  was  Lorentzian  shaped  at  120  K,  broadening  with  increasing  temperature,  and  also 
becoming  a  bit  asymmetric  after  catalytic  use.  The  x  =  0. 1  FP  samples  gave  an  EPR  spectrum  only  after  catalytic  reaction.  This  pattern  was  rather 
similar  to  that  obtained  with  the  fresh  SG  sample  with  the  same  composition,  but  shifted  towards  lower  magnetic  field  values.  Furthermore,  all 
the  FP  samples  showed  an  intense  ferromagnetic  signal  (FMR)  after  degassing  treatment,  while  they  remained  EPR  silent  after  oxygenation.  An 
interpretation  of  most  of  these  observations  is  here  proposed  on  the  base  of  polaron  propagation  and  of  formation  of  ferromagnetic  spin  bags. 
A  correlation  between  catalytic  performance,  XRD  patterns  and  electron  magnetic  resonance  (EMR)  (i.e.  EPR  or  FMR)  spectra,  has  been  also 
highlighted. 

©  2006  Elsevier  B.V.  All  rights  reserved. 
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1.  Introduction 

Perovskitic  samples  of  formula  Lai_rCetCo03  are  well 
known  as  quite  active  catalysts  for  exhaust  gas  depollution 
[1,2]  as  well  as  for  the  catalytic  flameless  combustion  (CFC) 
of  methane  [3,4].  Indeed,  samples  of  this  kind,  prepared  by  the 
traditional  sol-gel  (SG)  procedure  have  been  successfully  tested 
for  CO  oxidation  with  air  [1]  and  NO  reduction  by  CO  [2],  In 
the  last  case,  after  reaction  the  samples  showed  a  Lorentzian- 
shaped  EPR  line,  linearly  broadening  with  temperature.  This 
was  attributed  to  spin-spin  superexchange,  occurring  between 
nearest  neighbour  Co  paramagnetic  ions  through  oxygen-based 
bridges.  The  temperature-dependent  line  broadening  was  then 
attributed  to  polaron  propagation,  i.e  to  spin-phonon  interac¬ 
tions.  Similar  Lorentzian-shaped  lines  were  observed  also  with 
Lai_ACevCo03  prepared  by  SG  from  oxide  mixtures  in  molten 
ammonium  nitrate  or  citrate  (“A”  and  “C”  samples,  respectively) 
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[4],  However,  in  that  case  some  samples  showed  the  Lorentzian 
line  both  when  fresh  and  after  CFC  of  methane;  some  other, 
among  which  the  best  catalyst  (i.e.  the  x  =  0.2  sample  of  the  “C” 
series),  showed  that  line  only  after  catalytic  reaction.  Further¬ 
more,  only  the  fresh  samples  with  x  =  0.1  of  both  “A”  and  “C” 
series  showed  a  broad  intense  absorption  at  magnetic  field  val¬ 
ues  lower  than  2000  G,  attributed  to  ferromagnetic  resonance 
(FMR)  of  domains  perhaps  involving  Oacjs_  “spin  bags”  and  Co 
magnetic  ions. 

However,  Lai_ACeACo03  samples  prepared  by  a  different 
method  (flame-hydrolysis,  FH)  and  employed  in  the  same  CFC 
of  methane,  did  show  any  of  the  above  mentioned  EPR  or 
FMR  spectra  neither  when  fresh,  nor  after  reaction,  though 
being  by  far  better  catalysts  than  those  above  mentioned 

[3]. 

Aiming  at  a  better  understanding  of  this  very  compli¬ 
cate  situation,  in  the  present  investigation  we  prepared  a  few 
Lai_ACevCo03  samples  (x  =  0;  0. 1)  following  the  traditional  SG 
method  or  a  different  recently  proposed  procedure,  based  on  a 
flame  pyrolysis  (FP)  treatment  [5].  These  catalysts  have  been 
analysed  by  XRD,  EPR  and  BET,  before  and  after  use  in  the 
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CFC  of  methane,  looking  for  correlations  between  preparation 
parameters  and  sample  structural  and  physical-chemical  prop¬ 
erties,  including  of  course  catalytic  activity. 

2.  Experimental 

2.1.  Materials 

Lai_ACeACo03  (x  =  0:  0.1)  loose  powder  samples  have  been 
prepared  by  the  SG  procedure  [6]  from  La,  Ce,  Co  acetates 
solution  containing  an  equimolar  amount  of  citric  acid  and  cal¬ 
cined  at  800  °C  for  8h  (SGO  and  SGI  samples,  respectively). 
(FPO)  samples  withx  =  0  have  been  prepared  by  FP,  starting  from 
a  1:1  fuel  mixture  of  propionic  acid  and  n-octanol  or  ethanol 
containing  the  proper  amount  of  the  three  metal  acetates  in  sto¬ 
ichiometric  ratio,  obtaining  identical  results  in  the  two  cases. 
(FP1)  samples  with  x  =  0.1  have  been  prepared  by  FP,  starting 
from  the  same  metal  acetates  dissolved  in  a  1 : 1  mixture  of  propi¬ 
onic  acid  and  propanol.  A  further  (FP1P)  sample  of  the  last  kind 
has  been  prepared  by  the  same  procedure,  but  adding  0.25  wt% 
of  Pt  and  0.75  wt%  of  Pd. 

2.2.  Catalyst  characterization 

EPR  spectra  have  been  collected  by  means  of  a  Bruker 
Elexsys  spectrometer  at  the  working  frequency  of  9.4  GHz  and 
temperature  generally  ranging  between  120  and  300  K,  on  fresh 
catalysts  or  after  catalytic  use  (U-labelled  samples  in  figure 
captions)  for  the  CFC  of  methane.  The  catalytic  activity  was 
measured  by  loading  0.2  g  of  catalyst,  diluted  with  1 .3  g  of  quartz 
powder  of  the  same  particle  size  (60-100  mesh)  in  a  continuous 
tubular  microreactor,  to  which  a  mixture  of  20  cm3  min-1  of  a 
1  vol%  CH4  in  N2  +  20  cm3  min- 1  of  air  was  fed,  while  increas¬ 
ing  temperature  by  2  Kmin-1  up  to  873  K. 

XRD  patterns  have  been  collected  by  means  of  a  Philips 
PW1820  powder  diffractometer  by  employing  the  Ni-filtered 
Cu  Ka  radiation  (X  =  0. 15 148  nm).  The  solid  phases  have  been 
recognised  by  comparison  with  literature  data  [7(a)]. 

3.  Results 

3.1.  XRD  analysis 

XRD  analysis  showed  that  SGO  and  FPO  possessed  an  iden¬ 
tical,  perovskite-like  structure.  This  was  not  always  the  case 
when  10%  Ce  substituted  for  La.  Indeed,  FP1  sample  preserved 
its  perovskite-like  structure  (Fig.  1(a)),  while  small  amounts  of 
C03O4  and  Ce02  phases  formed  in  SGI,  producing  a  structure 
(Fig.  1(c))  more  similar  to  that  acquired  by  FP1  after  catalytic 
reaction  (FP1U  sample,  Fig.  1(b)). 

3.2.  EPR  spectra 

No  EPR  signal  has  been  obtained  with  all  the  x  =  0  sam¬ 
ples,  i.e.  with  SGO  and  FPO  catalysts,  either  when  fresh,  or 
after  their  use  for  the  CFC  of  methane.  On  the  contrary,  the 
SGI  sample  gave  a  single  EPR  feature  with  g  =  2,  both  when 
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Fig.  1.  XRD  patterns  of  La  0.9Ce0.iCoO3:  (a)  FP1,  (b)  FP1U,  (c)  SGI.  (*) 
C03O4;  (+)  CeC>2  phases. 

fresh  (SGI,  Fig.  2(a))  and  after  CFC  of  methane  (SG1U, 
Fig.  2(b)),  broadening  with  increasing  temperature  and  keep¬ 
ing  a  Lorentzian  shape  up  to  190  K.  Furthermore,  the  line  of 
SGI  retained  almost  perfectly  its  shape  also  at  T>  200  K,  with 
a  temperature-independent  g  =  2.23  value.  By  contrast,  the  line 
of  SG1U  kept  the  Lorentzian  shape  and  a  constant  value  of 
g  =  2.28  for  120  K  <  T<  190  K  only,  whereas  g  increased  up 
to  =2.44  and  the  spectral  shape  became  asymmetric  when  tem¬ 
perature  increased  up  to  330  K.  The  double  integrated  intensity 
increased  markedly  at  lower  temperature  with  SGI,  whereas  it 
remained  nearly  unchanged  with  SG1U  (Fig.  3). 

The  FP1  and  FP1P  samples  behaved  in  a  different  way. 
In  fact,  no  EMR  signal  was  observed  with  them  when  fresh, 
whereas  they  showed  an  asymmetric  EMR  pattern  after  CFC  of 
methane,  at  field  values  ranging  between  0  and  ca.  6000  G  and 
with  broad  low-field  peaks.  The  intensity  of  this  low-field  portion 
of  the  spectrum  decreases  at  higher  temperature.  In  particular, 
the  spectrum  transformed  into  a  nearly  Lorentzian-shaped  line 
at  T  >  200  K,  with  an  apparent  g  value  decreasing  from  2.74 
down  to  2.69  and  a  peak-to-peak  line-width  decreasing  from 
1850  down  to  1 600  G,  when  the  temperature  increased  from  200 
(Fig.  2(c))  up  to  290  K.  Amounts  of  the  (EPR  silent)  FPO  and 
FP1P  samples  were  subjected  to  an  oxidation  or  a  degassing 
treatment.  No  EPR  spectrum  was  observed  after  the  former 
process.  On  the  contrary,  degassing  led  to  an  intense  low-field 


Fig.  2.  EPR  spectra  at  200  K  of  Lao.9Ceo.iCo03  samples:  (a)  SGI,  (b)  SG1U, 
(c)  FP1U.  The  bump  k  is  due  to  the  instrument  cavity,  and  not  to  the  sample. 
Multiplication  factor  3  for  the  intensity  of  the  (a  and  b)  tracks. 
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Fig.  3.  Double  integrated  intensity  A  (arbitrary  units)  of  the  EMR  spectra 
obtained  (a)  with  SGI  and  (b)  with  SG1U  sample.  The  best-fitting  lines  are 
(a)  A(SG1)  =  1 1 49/(7-  68.94)  and  (b)  A(SG1U)  =  1111 1  /(T+  333.33)  (statisti¬ 
cal  error  on  the  last  digit  of  the  fitting  parameters). 


Fig.  4.  FMR  patterns  after  degassing  (a)  LaCo03  (FPO)  and  (b)  Lao.9Ceo.iCo03 
(FP1P)  samples.  Recording  temperature:  290  K. 

absorption  signal  (Fig.  4)  with  temperature-dependent  shape. 
Its  intensity  decreased  by  ca.  25%  when  increasing  temperature 
from  120  up  to  290  K.  No  reliable  double  integrated  intensity 
values  could  be  obtained  from  these  patterns,  due  to  their  broad¬ 
ness  and  irregular  shape. 

4.  Discussion 

4.1.  g  =  2  EPR  line  and  sample  preparation  parameters 

When  Lorentzian-shaped,  the  SGI  and  SG1U  EPR  feature 
(Fig.  2(a  and  b))  is  similar  to  that  already  reported  [4]  for 
La i _f CeACoOa  (x  =  0.05,  0.2),  prepared  from  oxide  mixtures 
in  molten  ammonium  nitrate  (thereafter  referred  to  as  A05  and 
A2  samples,  respectively),  and  with  x  =  0.05,  prepared  by  the 
same  technique,  but  from  ammonium  citrate  (thereafter  referred 
to  as  C05  sample).  However,  no  EPR  line  of  this  kind  was  noted 
with  Al  and  Cl,  i.e.  with  samples  prepared  by  the  same  meth¬ 
ods  followed  for  A05  and  C05,  respectively,  but  with  x  =  0.1 
as  for  SGI.  Therefore,  the  properties  of  Lai_ACeACo03  cat¬ 
alysts  seem  extremely  sensitive  to  the  preparation  parameters 
and  rather  different  materials  can  be  obtained  with  the  same 


nominal  composition.  In  particular,  the  Ce02  and/or  C03O4 
phases  noticed  with  SGI  (Fig.  1(c)),  accompanied  by  La203, 
were  reported  also  with  the  above  mentioned  Lai_ACeACo03 
“A”  and  “C”  samples  [4].  In  our  opinion,  these  phases  can  form 
through  decomposition  reactions  like: 

1 20  Lao.gCeo.  1  Co03+a 

-*  12  Ce02  +  54  La203  +  40  C03O4  +  7  02  (1) 

where  S  =  0.05  to  obtain  charge  neutrality  in  the  example  of  Eq. 
(1),  i.e.  when  x  =  0.1. 

The  present  preparation  was  carried  out  under  02-rich  atmo¬ 
sphere.  This  accounts  for  the  fact  that  no  CoO  phase  [7(b)  ]  forms. 
Indeed,  Co3+  and  hence  O-richer  oxides,  like  C03O4  [7(c)]  and 
LaCo03,  are  favoured.  Then,  the  transformation  of  C03O4  into 
CoO,  though  thermodynamically  favoured,  does  not  occur,  due 
to  kinetic  reasons,  i.e.  to  the  rapid  quenching  of  the  particles  after 
their  formation  in  the  flame.  Furthermore,  the  presence  of  traces 
of  the  right-hand  phases  in  Eq.  (1)  suggests  the  formation  also 
of  the  other  products,  though  frequently  not  detectable  by  XRD 
analysis.  Hence,  it  seemed  difficult  to  correlate  the  presence  of 
these  decomposition  products  to  that  of  the  Lorentzian-shaped 
line  only  on  the  base  of  the  results  reported  in  ref.  [4] .  However, 
the  XRD  patterns  indicate  that  solids  prepared  by  FH  [3]  or  by 
FP  (Fig.  1(a))  possess  a  perfect  perovskitic  structure,  though  the 
last  is  not  thermodynamically  favoured  with  respect  to  other  Co 
oxidic  species.  On  the  other  hand,  the  perovskitic  phase  is  the 
most  stable  one  at  temperatures  as  high  as  those  attained  in  the 
FH  and  FP  procedures.  These  FH  and  FP  solids  do  not  show 
any  Lorentzian  EPR  line  at  g  =  2.  The  same  situation  has  been 
observed  by  us  also  with  Lao.9Mo.iCo03  (M  =  Pr,  Sm,  Tb)  sam¬ 
ples  prepared  by  FP  and  analysed  both  before  and  after  CFC  of 
methane  [8].  Furthermore,  in  the  present  investigation,  we  have 
observed  that  C03O4  and  Ce02  phases  appear  in  the  FP1  sam¬ 
ple,  but  only  after  the  CFC  of  methane  (sample  FP1U),  so  that 
its  structure  (Fig.  1(b))  becomes  similar  to  that  of  the  fresh  SGI 
sample  (Fig.  1(c)).  As  a  consequence,  a  Lorentzian-shaped  line 
appears  also  in  the  EPR  spectrum  of  FP1U  (Fig.  2(c)).  We  can 
conclude  that  pure  mono-phasic  perovskite-like  La  1  _ACeACo03 
samples  do  not  show  any  g  =  2  Lorentzian-shaped  line,  as  with 
FP1  and  the  samples  prepared  by  the  FH  method  [3].  Such  a 
line  can  appear  with  these  samples  after  catalytic  reaction  only, 
when  sufficient  amounts  of  La203,  Ce02  and/or  C03O4  phases 
form.  Therefore,  in  general  we  can  say  that  in  the  presence  of 
monometallic  phases  a  g  =  2  Lorentzian-shaped  line  appears, 
though  in  a  very  few  cases  this  does  not  occur,  as  observed  with 
the  Cl  and  C2  SG  samples  [4], 

4.2.  g  =  2  EPR  line  and  sample  catalytic  activity 

Lai_ACeACo03  (x  =  0;  0.1)  samples  prepared  by  FP  in  the 
present  investigation,  as  well  as  those  prepared  by  FH  [3],  are  by 
far  better  catalysts  than  those  prepared  by  SG,  like  SGI  (Fig.  5) 
and  those  of  “A”  and  “C”  series  of  ref.  [4]. 

The  FH  and  FP  samples  possess  a  pure  perovskite-like  struc¬ 
ture,  while  those  prepared  by  SG  usually  undergo  the  decom¬ 
position  reaction  (1),  at  least  in  part,  leading  to  La203,  Ce02 
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Fig.  5.  Activity  of  Lao.9Ceo.iCo03  for  CFC  of  methane  (a)  fresh  FP1;  (b)  FP1 
after  three  deactivation  cycles  (activity  decreases  significantly  only  after  the  first 
cycle;  (c)  SGI:  activity  curves  are  identical  with  fresh  sample  and  after  three 
deactivation  cycles. 


and/or  C03O4  phases  formation.  As  a  consequence,  SG-prepared 
samples  generally  show  the  Lorentzian-shaped  g  =  2  EPR  line. 
However,  as  above-mentioned,  this  line  does  not  appear  with  Cl 
and  C2,  which  are  the  best  catalysts  of  the  “C”  series.  On  the 
other  hand,  reactions  like  (1)  would  provide  02(g)  to  the  catalytic 
reaction  if  occurring  at  a  sufficiently  high  temperature  only.  On 
the  contrary,  samples  undergoing  the  decomposition  ( 1 )  at  a  too 
low  temperature  would  be  bad  catalysts. 

Therefore,  we  can  conclude  that  good  La  |  _ACeACo03  cat¬ 
alysts  are  characterised  by  pure  perovskitic  structure  (without 
other  phases  like  Ce02,  La203  or  C03O4)  and  by  the  absence 
of  the  g  =  2  EPR  line. 

4.3.  The  origin  of  the  EPR  g  =  2  line 

Generallly  the  3d6  Co3+  ions  are  stable  in  the  low  spin 
( S  =  0,  ?2?>  f)  state  when  octahedrally  coordinated  to  six  oxy¬ 
gen  atoms  in  an  ideal  LaCo03  structure  [9],  Ions  of  this  kind 
can  also  form  oxygen-based  species  such  as  Co3+/02_  pairs 
[2,10,11],  Species  like  these  could  contribute  to  the  asymmet¬ 
ric  EPR  pattern  at  room  temperature,  here  reported,  which  are 
masked  at  lower  temperatures  by  the  more  intense  Lorentzian- 
shaped  line. 

Ag  =  2  Lorentzian-shaped  line,  broadening  with  increasing 
temperature,  has  been  noticed  since  a  long  time  also  with  C03O4 
[12-14].  Narrower  lines  were  obtained  with  this  solid  at  higher 
preparation  temperature,  i.e.  at  lowerresidual  disorder.  The  mag¬ 
netic  structure  of  this  cobalt  oxide  has  been  deeply  investigated 
[14],  Units  like: 

-  O2'  -  Co3+  -  O2'  -  Co2+ -  O2' -  Co3+ -  O2  -  Co2+  -  O2-  - 

Scheme  1 

have  been  hypothesised,  in  which  two  Co2+  (3d7,  S  =  3/2) 
ions,  localised  in  tetrahedral  sites,  would  interact  with  each 
other  through  02_-Co3+-02_  bridges,  Co3+  (3d6,  5  =  0)  being 
localised  in  octahedral  held.  Two  sets  of  units  like  that  outlined 


in  Scheme  1  would  form,  characterised  by  antiferromagnetic 
(AFM)  and  ferromagnetic  (FM)  coupling,  respectively.  The  for¬ 
mer  would  have  multiplicity  12,  the  latter  multiplicity  24.  Other 
similar  schemes  have  been  elsewhere  proposed  [12,13].  In  any 
case,  also  the  fitting  parameters  reported  in  the  caption  of  Fig.  3 
suggest  a  prevailing  of  FM  over  AFM  interactions  in  SGI.  By 
contrast,  AFM  interactions  would  prevail  with  SG1U,  i.e.  after 
catalytic  reaction,  probably  because  the  catalyst  chemical  reduc¬ 
tion  transforms  some  Co3+  into  Co2+  ions,  directly  interacting 
with  each  other  by  AFM  superexchange  through  an  O2-  ion. 
However,  only  these  qualitative  considerations  can  be  advanced, 
because  of  the  error  affecting  the  values  of  the  double  integrated 
intensities  of  these  broad  experimental  lines.  Analogous  inter¬ 
pretations  can  account  also  for  the  observed  Lorentzian-shaped 
line  reported  in  the  above-mentioned  cases  with  Lai_ACeACo03 
samples.  Indeed,  we  have  above  outlined  that  in  many  cases 
XRD  patterns  reveal  the  presence  of  extraneous  phases,  includ¬ 
ing  C03O4,  in  Lai  -ACeACo03  samples,  depending  on  the  prepa¬ 
ration  parameters.  On  the  other  hand,  the  presence  of  C03O4  in 
the  fresh  sample  indicates  that  reaction  (1)  has  already  occurred 
and,  therefore,  that  the  sample  has  already  lost  a  part  of  its  oxy¬ 
gen.  As  a  consequence,  the  presence  of  the  Lorentzian-shaped 
line  at  g  =  2  in  a  fresh  sample  indicates  a  bad  catalyst  (as  here 
with  SGI,  as  well  as  with  samples  of  the  “A”  series  in  ref.  [4]), 
while  the  appearance  of  this  line  after  reaction  indicates  that 
the  catalyst  loosed  a  part  of  its  oxygen  through  reaction  (1) 
(as  here  with  FP1U,  as  well  as  in  ref.  [2]  and  with  CO  and  C2 
samples  in  ref.  [4]).  The  FM  interactions  appeared  uniformly 
distributed  throughout  all  the  SGI  sample,  because  no  signif¬ 
icant  g  shift  was  detected  with  increasing  T,  so  excluding  the 
formation  of  temperature-dependent  FM  domains.  However,  the 
situation  changed  at  T>  200  K  after  catalytic  reaction.  Indeed, 
the  apparent  value  of  g  increased  with  SG1U  at  these  temper¬ 
atures,  indicating  that  some  internal  field  was  arising  in  the 
sample,  presumably  due  to  formation  of  FM  domains.  This  inter¬ 
pretation  is  in  line  also  with  the  asymmetric  shape  assumed  at 
these  temperatures  by  the  EMR  line  of  SG1U,  attributable  to 
some  FMR  contribution  (vide  infra). 

4.4.  The  origin  of  the  FMR  at  low  magnetic  field 

The  low-field  absorption  recorded  with  FP0  and  FP1P  sam¬ 
ples  after  the  degassing  treatment  (Fig.  4),  i.e.  after  chemical 
reduction,  can  be  attributed  to  the  formation  of  FM  domains  large 
enough  to  give  a  FMR  spectrum.  Similar  spectra  were  observed 
with  Al  and  Cl  samples  [4],  as  well  as  with  Lai_ASrACo03 
(x  =  0.1)  [15]  and  with  other  perovskitic  [16-18]  and  fluoritic 
[8,19]  materials.  In  those  cases,  an  explanation  was  proposed, 
involving  the  formation  of  FM  domains,  composed  of  Oads-  ions 
interacting  with  each  other  and  possibly  with  other  paramagnetic 
ions.  Alternatively,  the  formation  of  ferromagnetic  metallic  clus¬ 
ters  of  Co4+  only  has  been  invoked  in  a  more  recent  paper  [20] 
to  explain  this  low-field  broad  absorption  band  when  Ca2+  or 
Sr2+  substitute  for  La3+. 

The  formation  of  Oads_  was  hypothesised  in  ref.  [15]  as  a 
consequence  of  oxygen  vacancies  Vo  created  through  the  sub¬ 
stitution  of  Sr2+  for  La3+.  Oxygen  vacancies  can  be  created  also 
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in  the  present  case  by  substituting  Ce4+  for  La3+.  Indeed,  the 
following  reaction  can  occur: 

Ce4+022“  CeLa"  +  20/-  +  h'  +  V0"  (2) 

Here  dots  indicate  the  equivalence  of  introducing  positive 
charges  into  the  system. 

CeLa  is  the  defect  formed  by  substituting  Ce4+  for  La3+, 
h  is  an  electron  vacancy,  as  a  Co  ion  in  a  high  oxidation 
state.  During  the  sample  oxidation  process,  about  a  half  of  the 
interstitial  oxygen  O;2-  can  react  with  Vo",  forming  reticular 
oxygen  00x: 

CeLa*  +  20i2“  +  h*  +  V0"  -*  CeLa*  +  Oi2“  +  CV  +  h  (3) 

when  the  oxidised  samples  are  degassed,  the  following  process 
can  occur  [4]: 

CeLa  +  O;2  +00'v  +  h  — >  CeLa  +  O;2  +  Oads  +  Vo 

(4) 

then,  a  few  Oads_  ions  could  transform  into  02(g)  by  donating 
their  electron  to  some  residual  h  (e.g.  to  some  Co4+  ions),  fol¬ 
lowing  the  process: 

20ads  02ads~  (5) 

02,ads  "b  h  •<->■  02  ads  (6) 

02,ads  +  h  -O-  02,g  (7) 

However,  TPD  analysis  [3]  showed  that  only  very  small 
amounts  of  pre-adsorbed  oxygen  desorb  at  room  temperature 
from  samples  of  this  kind.  Furthermore,  most  of  h  have  been 
chemically  reduced  during  the  degassing  process  (6)-(7).  How¬ 
ever,  it  is  well  known  [21-23]  that  among  the  Oads_  species  the 
magnetic  attraction  can  overcome  the  electrostatic  repulsion  in 
the  proximity  of  positive  charges,  such  as  those  present  in  these 
samples.  Therefore,  if  reactions  (5) — (7)  do  not  occur,  Oads_  are 
allowed  to  group  into  FM  spin  bags  within  internal  cavities, 
where  they  cannot  react  with  adsorbed  substrates,  causing  the 
intensive  FMR  line  shown  in  Fig.  4,  as  already  proposed  in  refs. 
[4,15,19].  Furthermore,  their  presence  could  cause  an  internal 
magnetic  field,  able  to  account  for  the  spectral  shift  towards 
lower  magnetic  field  values  observed  with  the  used  samples 
(compare  Fig.  2(b  and  c)  with  Fig.  2(a)). 

5.  Conclusions 

Different  preparation  processes  can  lead  to  Lai_vCevCo03 
samples  with  the  same  nominal  composition,  but  with  very  dif¬ 
ferent  physical-chemical  properties,  including  catalytic  activ¬ 
ity.  In  particular,  samples  containing  traces  of  La2C>3,  Ce02 
and  C03O4  are  usually  present  in  the  samples  obtained  by 
the  traditional  SG  process,  while  monophasic  perovskite-like 
Lai-^Ce  vCoC>3  samples  are  produced  through  the  more  recently 
proposed  high-temperature  procedures,  like  FH  and  FP.  SG  sam¬ 


ples  typically  show  a  g  =  2  Lorentzian-shaped  line,  broadening 
with  temperature,  probably  due  to  the  presence  of  C03O4  or 
similar  systems  with  Co  ions  in  different  oxidation  states.  Only 
the  high-performing  catalysts  of  this  kind  do  not  show  such  an 
EPR  line.  By  contrast,  FH  and  FP  samples,  which  are  always 
better-performing  catalysts  than  the  SG  ones,  never  show  this 
line  when  fresh,  sometimes  showing  it  after  catalytic  reaction, 
accompanied  by  the  appearance  of  the  La203,  Ce02  and  C03O4 
phases.  Therefore,  the  appearance  of  this  Lorentzian-shaped  line 
indicates  a  low-performance  or  a  used  catalyst.  Furthermore,  in 
a  few  cases  a  broad  microwave  absorption  feature  appears  in 
the  low  magnetic  field  spectral  region  with  FP  samples  after  a 
degassing  treatment.  This  has  been  reported  elsewhere  also  with 
some  fresh  SG  samples.  Such  a  pattern  can  be  attributed  to  for¬ 
mation  of  ferromagnetic  spin  bags,  mainly  formed  of  Oa(js_  ions 
clustering  in  the  presence  of  oxygen  vacancies. 
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